Introduction {#sec0005}
============

Influenza, a highly contagious acute respiratory illness caused by the influenza virus, is associated with an extensive array of clinical symptoms, ranging from self-limiting respiratory conditions in the upper airways to systemic repercussions and potentially fatal complications.[@bib0110], [@bib0115] Influenza usually occurs in the form of annual epidemics, although it may occasionally give rise to a pandemic. The World Health Organization (WHO) estimates that influenza causes between three and five million cases globally each year; and accounts for approximately 300,000 deaths each season, of which more than 40,000 occur in the European Union.[@bib0110], [@bib0120] Breastfeeding infants, children with an underlying pathology and adults over 65 years of age are the most susceptible to the severe forms of the disease.[@bib0115], [@bib0120], [@bib0125] However, the greatest morbidity is observed in pediatrics, and children represent the main transmitters of the infection. The disease in children is also associated with a substantial economic and social burden.[@bib0125], [@bib0130], [@bib0135]

The two most common types of influenza virus affecting humans are A and B. The annual influenza epidemics are usually caused by minor variants of both types,[@bib0140] such that almost all children are infected in the first years of life and acquire protective immunity exclusively against that particular strain of virus. Since influenza A virus is capable of naturally infecting numerous animal species, it occasionally causes pandemics and generates greater concern among public health authorities than the influenza B virus, which only affects humans.[@bib0115], [@bib0145], [@bib0150] As variation in influenza type A is wide, it is classified into sub-types, based on its HA (hemagglutinin) and NA (neuraminidase) membrane antigens. Antigenic and genetic differences have revealed two lineages of influenza B viruses: Victoria and Yamagata, which have circulated simultaneously around the globe since the 1980s.[@bib0145], [@bib0155] It is difficult to predict which lineage will dominate during the next influenza season.[@bib0160]

Vaccination against influenza is an effective way to prevent infection and its complications.[@bib0125] Although it is difficult to know the real incidence of the illness due to the non-specific nature of symptoms,[@bib0165] accurate data on the burden and medical costs associated with the illness are essential to develop the most appropriate vaccination policy. These data are limited in Spain, therefore this study was designed to quantify emergency department visits, hospital admissions, and the direct medical costs attributable to laboratory-confirmed influenza in children under 15 years of age that present to hospital with acute respiratory infection (ARI) and/or isolated fever during the influenza season.

Patients and methods {#sec0010}
====================

Study design and population {#sec0015}
---------------------------

This prospective study ([NCT01592799](NCT01592799){#intr0015}) was conducted at the Basurto University Hospital, Bilbao, Spain, a tertiary hospital with a general emergency service, between November 2010 and May 2011 (after the influenza pandemic of 2009), according to the principles of good clinical practice, the Declaration of Helsinki and local standards. The study protocol was approved by the Ethics Committee of the Institutional Board, and informed written consent was obtained from the parents or legal guardians of children below 12 years of age and from older children before inclusion.

Children under 15 years of age, presenting at the emergency department with ARI during an influenza season (defined as the period between the first and last cases of laboratory-confirmed influenza) were recruited, regardless of whether they were subsequently admitted to hospital. ARI was defined as the presence of at least one of the following symptoms: sore throat (in children ≥ 3 years), rhinorrhea, cough and/or breathing difficulties, and/or isolated fever (oral temperature ≥ 37.5 °C/under-arm temperature ≥ 37.5 °C/rectal temperature ≥ 38 °C, eardrum temperature adjusted orally ≥ 37.5 °C/eardrum temperature adjusted rectally ≥ 38 °C).[@bib0170]

Two clinical specimens (throat swab and/or nasopharyngeal swab) were obtained from each patient and case medical histories were reviewed (including: previous vaccination details; concomitant medication; ARI and/or fever associated symptoms; findings on physical examination). Details were recorded directly by the attending pediatrician on the study clinical report form. For hospitalized children, information on the clinical course of the disease and administered treatment was completed at discharge.

Approximately one month after the initial visit to the hospital, families were contacted by telephone and a follow-up interview was conducted. Information concerning: the clinical course of the disease; requirement for further medical assistance; use of medication not prescribed at discharge; number of days absent from school and number of contacts in the household who subsequently developed influenza-like symptoms, were collected.

Using data on the hospital\'s administrative database, the medical costs associated with the influenza-like illness were calculated, including the cost of medical management in the emergency department, hospitalization, resources used for the diagnosis and treatment of the disease and any complications.

Laboratory procedures {#sec0020}
---------------------

In order to rapidly identify influenza cases, a quick diagnostic test (*Xpect Flu A&B*, Remel, Lenexa, KS, USA) was performed immediately on one of the nasopharyngeal samples collected in the emergency department. Regardless of the result, all remaining samples were stored at 4 °C and transported to the Valencian Microbiology Institute laboratory in a medium of Hank buffered saline solution (Hepes 1 M buffer, 0.5% gelatin, 7.5% sodium bicarbonate, and antibiotics \[penicillin, streptomycin and amphotericin B\]) for confirmatory analysis using culture and real-time polymerase chain reaction (RT-PCR). For the latter determination, total RNA was extracted using the *Maxwell 16 Viral Total Nucleic Acid Purification Kit* (Promega, Madison, WI, USA), and amplified using multiplex RT-PCR sense and reverse primers, with double marked FAM-BHQ-1 or HEX-BHQ-1 probes to identify influenza types A[@bib0175] and B,[@bib0180] respectively.

Statistical analyses {#sec0025}
--------------------

Sample size estimation required the inclusion of 500 subjects attending the emergency department with ARI and/or isolated fever, based on an expected proportion of laboratory-confirmed influenza infection in 5--20% of subjects. The hospital collects medical costs of each treatment and care service that the patient receives. Direct medical costs for children with laboratory-confirmed influenza were calculated from the hospital\'s administrative data, taking into account: diagnostics, medical management and influenza treatment, visits to the emergency department, inpatient charge, ward specific room charge and intensive care unit (ICU) charge. The 95% confidence interval (CI) were calculated using *Proc-StatXact* (Cytel, Cambridge, MA, USA). Comparative tests between positive and negative influenza groups were carried out using Mann--Whitney tests for ordinal and continuous variables and Fisher\'s exact test for categorical variables.

Additional exploratory analyses were performed to evaluate the direct medical costs, symptoms and the need for subsequent health-care assistance associated with influenza type A or B.

Results {#sec0030}
=======

There were 501 children recruited between November 2010 and April 2011. As sufficient data were available to allow the evaluation of all cases, all subjects were included in the final analysis. While 410 of the children were only seen at the emergency department, 91 children required hospitalization. Laboratory-confirmed influenza (using either rapid diagnostic test, culture or RT-PCR; all analysis performed for all subjects) was demonstrated in 26.1% of all children (131/501; 95% CI: 22.4--30.2); i.e., 29.3% of children attending only the emergency department (120/410; 95% CI: 24.9--33.9) and 12.1% of hospitalized cases (11/91; 95% CI: 6.2--20.6). The median age of children with laboratory-confirmed influenza was 36.0 months (range: 0--179 months) and 54.2% were male ([Table 1](#tbl0005){ref-type="table"} ).Table 1Demographic characteristics of children with laboratory-confirmed influenza (*N* = 131).Table 1CharacteristicsParameters or categoriesLaboratory-confirmed influenza\
*N*[a](#tblfn0005){ref-type="table-fn"} = 131Influenza type A\
*n*′[b](#tblfn0010){ref-type="table-fn"} = 67Influenza type B\
*n*′ = 58Value[c](#tblfn0015){ref-type="table-fn"} or *n*[d](#tblfn0020){ref-type="table-fn"}%[e](#tblfn0025){ref-type="table-fn"}Value or *n*%Value or *n*%Age (months)Median36.0--25.0--66.5--Range0--179--0--153--1--179--  Age group (months)0--51713.01420.935.26--232619.81928.458.624--594433.62638.81729.360++4433.6811.93356.9  GenderFemale6045.83146.32644.8Male7154.23653.73255.2  History of influenza vaccination2007--2008 influenza season0--0--0--2008--2009 influenza season10.80--11.72009--2010 influenza season0--0--0--2010--2011 influenza season0--0--0--[^1][^2][^3][^4][^5][^6]

Among 131 cases of laboratory-confirmed influenza, laboratory tests indicated that 126 children were positive for influenza types A or B; 67 (53.2%) were positive for type A and 58 (46.0%) for type B; one child (0.8%) was positive for both types A and B. Results of the quantitative RT-PCR for influenza type A showed that around 87% had H1N1 subtype and 13% had H3N2 subtype. There were 370 of 501 children (73.9%) who did not test positive for influenza. Type B positive children were generally older than those infected by type A ([Table 1](#tbl0005){ref-type="table"}). Among the children positive for influenza type B, the proportion of Victoria and Yamagata lineages were 96.6% (56/58) and 3.4% (2/58), respectively.

Coughing was the most frequent symptom in children with laboratory-confirmed influenza (79.4% \[104/131\]) followed by nasal congestion (67.9% \[89/131\]) and rhinorrhea (53.4% \[70/131\]). For each of these symptoms, there was no significant difference in frequency between the virus types ([Fig. 1](#fig0005){ref-type="fig"} ). However, there were significantly fewer cases of headache in the children with influenza type A than type B (10.4% \[7/67\] and 34.5% \[20/58\]; *p*-value: 0.0019).Figure 1Clinical symptoms among children with laboratory-confirmed influenza (*N* = 131).

Among the 131 cases of laboratory-confirmed influenza, 107 (81.7%) required medical re-evaluation at the emergency department following discharge and two (1.5%) required hospitalization ([Table 2](#tbl0015){ref-type="table"} ). The subsequent follow-up visits were made by most patients, regardless of influenza status; 81.7% of influenza-positive subjects and 87.0% of influenza-negative subjects (*p*  = 0.1477). Among influenza cases, a comparable proportion with influenza A (86.6%) and influenza B (74.1%) had subsequent follow-up visits (*p*  = 0.1104). At the time of last contact, almost all the children (93.1% \[122/131\]) had recovered; and 6.9% (9/131) were still recovering.Table 2Subsequent hospitalizations and emergency department visits among cases of laboratory-confirmed influenza *(N* = 131).Table 2CharacteristicsParameters or categoriesLaboratory-confirmed influenza\
*N*[a](#tblfn0055){ref-type="table-fn"} = 131Influenza type A\
*n*′[b](#tblfn0060){ref-type="table-fn"} = 67Influenza type B\
*n*′ = 58Value[c](#tblfn0065){ref-type="table-fn"} or *n*[d](#tblfn0070){ref-type="table-fn"}%[e](#tblfn0075){ref-type="table-fn"}Value or *n*%Value or *n*%Subsequent ER visitYes10781.75886.64374.1No2418.3913.41525.9  Number of Subsequent ER visit14844.91729.32762.823835.52441.41330.231312.1915.537.0443.746.900521.923.400610.911.700810.911.700  Number of Subsequent ER visit \[numerical\]*n*107--58--43--Median2.0--2.0--1.0--Range1--8--1--8--1--3--  Subsequent hospitalizationYes21.511.511.7No12998.56698.55798.3  Days of subsequent hospitalization2210011001100  Days of Subsequent hospitalization \[numerical\]*n*2--1--1--Median2.0--2.0--2.0--Range2--2--2--2--2--2--[^7][^8][^9][^10][^11][^12][^13]

The overall median of total direct medical costs associated with each case of laboratory-confirmed influenza was €177.00 (range: €19.00--€4288.00). No significant differences were observed between the medical costs associated with influenza type A (€179.56 \[range: €19.00--€4087.68\]) and type B (€164.92 \[range: €145.83 and €4288.00\]) ([Table 3](#tbl0010){ref-type="table"} ). The range in costs relates to the range in treatment received; the majority of patients had an emergency department visit (median €142.71) and all patients received prescription or non-prescription medication (median €8.53). Around 60% of patients had diagnostic costs (median €28.00), around 10% of patients incurred expensive ward costs (median €1646.73) and 1 patient expensive ICU costs (median €1535.19).Table 3Median direct medical costs (in Euros) associated with laboratory-confirmed influenza (*N* = 131).Table 3CharacteristicsParametersLaboratory-confirmed influenza\
*N*[a](#tblfn0030){ref-type="table-fn"} = 131Influenza type A\
*n*′[b](#tblfn0035){ref-type="table-fn"} = 67Influenza type B\
*n*′ = 58Value[c](#tblfn0040){ref-type="table-fn"}ValueValueLaboratory*n*[d](#tblfn0045){ref-type="table-fn"}512920Median (€)37.2041.3828.20Range6.00--214.0214.20--214.026.00--143.30  Radiology*n*442219Median (€)13.9913.9913.99Range13.99--57.7213.99--57.7213.99--13.99  Other diagnostics*n*421Median (€)72.01144.0257.72Range13.99--201.7486.30--201.7457.72--57.72  Total for diagnostics*n*764131Median (€)28.0028.0027.58Range6.00--374.3813.99--374.386.00--181.31  Prescribed medication \[given in the hospital\]*n*875527Median (€)3.123.123.12Range1.94--90.301.94--90.301.94--19.52  Prescribed medication*n*1296658Median (€)5.069.645.06Range1.94--119.991.94--119.991.94--29.57  Non-prescribed medication*n*944Median (€)4.628.694.58Range2.47--42.422.47--42.423.12--4.62  Total for treatments*n*1316758Median (€)8.5312.768.18Range3.12--131.213.14--131.213.12--32.69  Ward specific room charge[\*](#tblfn0050){ref-type="table-fn"}*n*1474Median (€)1646.731646.732470.10Range142.71--3842.371097.84--3293.461097.82--3842.37  ICU[\*](#tblfn0050){ref-type="table-fn"}*n*100Median (€)1535.190.000.00Range1535.19--1535.19----  Total for inpatient charge*n*1474Median (€)1646.731646.732470.10Range142.71--3842.371097.84--3293.461097.82--3842.37  ER visit*n*1296657Median (€)142.71142.71142.71Range142.70--428.13142.70--428.13142.70--285.42  Others*n*963Median (€)94.69142.4094.69Range94.69--189.3894.69--189.3894.69--189.38  Overall total*n*1316758Median (€)177.00179.56164.92Range19.00--4288.0019.00--4087.68145.83--4288.00[^14][^15][^16][^17][^18][^19][^20]

Most of the children with laboratory-confirmed influenza (71.8% \[94/131\]) missed school or day care. The mean absence was 6.6 days (range: 1--15). School absence was recorded in 62.7% (42/67) and 81.0% (47/58) of children with influenza types A and B, respectively. The proportion of domestic contacts with influenza-like symptoms, ARI and/or fever during the study period was significantly higher among children with laboratory-confirmed influenza (25.8% \[95% CI: 21.2--31.1\]) than among the other children (17.5% \[95% CI: 15.0--20.2\]) (*p*  = 0.0032). The proportion of family contacts developing influenza-like illness was greater in the children with type A than type B influenza (31.7% \[95% CI: 25.0--39.3\] versus 20.0% \[95% CI: 14.3--27.1\]).

Among the other causative respiratory viruses, which were isolated in 28.9% (145/501) cases, RSV (respiratory syncytial virus) was the most frequently isolated in 52 (10.4%) isolates \[RSV A: 37; RSV B: 12; A + B: 3\], followed by rhinoviruses in 40 (8.0%) isolates and adenovirus in 30 (6.0%) isolates. The median ages of the children infected with these viruses were 6.0 months (RSV; range: 0--178 months), 15.5 months (rhinovirus, range: 0--164 months) and 25.0 months (adenovirus, range: 2--146 months). Nine subjects with laboratory-confirmed influenza (6.9% \[9/131\]) were co-infected with other viruses. Four pathogens (adenovirus, bocavirus, coronavirus and RSV A) were isolated with influenza type A, and three (one coronavirus and two RSV B) were isolated with influenza type B. The most prevalent clinical manifestations in children infected with these pathogens were cough, nasal congestion and rhinorrhea. The highest rate of complications was seen in the subjects with RSV infection (71.2% \[37/52\]), in whom bronchiolitis was the most important (64.9% \[24/37\]). The rate of hospital admissions was also higher in these patients (54.0% \[20/37\]).

Discussion {#sec0035}
==========

Every year, the greatest incidence of influenza occurs in children. Indeed, global incidence rates of up to 49.4 cases per 1000 children under 15 years of age have been published.[@bib0185] In this University hospital setting, 26.1% of children under 15 years of age with symptoms compatible with influenza-like infections were found to have laboratory-confirmed influenza. This is comparable to Matias et al. (2011), who reported that 32.3% of children presenting with ARI or isolated fever in Spain were positive for influenza.[@bib0170]

In the pediatric population, influenza is responsible for a considerable number of visits to emergency departments, hospitalizations and absences from school; and represents a considerable economic burden each year. Indeed, in our hospital-based study, overall median direct medical costs associated with influenza were €177/case. An appropriate vaccination might reduce this burden.

As observed previously in Spain,[@bib0170] type B-positive children in our study were older than type A-positive subjects (median age: 66.5 months versus 25.0 months, respectively). These results are similar to those from a study conducted in Finland between 1980 and 1999, where the corresponding mean ages were 4.2 years (type B) and 2.0 years (type A; *p*  \< 0.001).[@bib0190]

Between 2001 and 2011, the proportion of type B among all influenza viruses in Europe varied from 1.0 to 59.8% during each influenza season.[@bib0155] However, according to the most recent report from the European Centre for Disease Prevention and Control, the type B influenza virus dominated in Spain in 2013, affecting 18.6% of the whole Spanish population; an incidence rate of 14.5 per 100,000.[@bib0195] In this study, the proportion of children with type B influenza among subjects with laboratory-confirmed disease was 46.0%. This result is similar to that observed by Matias et al. in a study with a similar design, where the influenza type B virus was detected in 47.7% of positive influenza cases in Spain (*N*  = 477).[@bib0170] The presence of the two lineages varies among the influenza cases each season and depends on the geographic location.

Vaccination is an effective way to prevent infection with influenza and its consequences, such as complications and economic burden. In 2010--2011, the influenza strains recommended by WHO for inclusion in the seasonal trivalent vaccine for the northern hemisphere were two influenza type A (strain analogous to A/California/7/2009 (H1N1)-like virus; and strain analogous to A/Perth/16/2009 (H3N2)-like virus); plus a Victoria lineage of influenza type B (strain analogous to B/Brisbane/60/2008-like virus).[@bib0200] In our study, the majority of laboratory-confirmed cases of type B influenza corresponded to the Victoria strain. Therefore, the type B lineage recommended in the vaccine corresponded to the type B in circulation during the 2010--2011 influenza season. However, either lineage of type B influenza (Victoria or Yamagata) can predominate in any season[@bib0140], [@bib0160] and, although the proportion of strains with Yamagata lineage (3.4%) was very low in our study, extensive seasonal variability has been observed. For example, in 2006--2007, 5.5% of B strains were Yamagata lineage compared with 40% in 2007--2008.[@bib0205] Notably, WHO recommended the use of tetravalent vaccines (i.e., containing both lineages of type B and type A influenza) for the 2012--2013 season in the northern hemisphere.[@bib0210]

Some limitations of the study may affect the interpretation of its results. Firstly, the children were all recruited from a hospital emergency department, where cases are more likely to be more serious and subjected to supplementary tests, compared with cases seen in primary care settings. Conversely, the availability of the rapid diagnostic test results means that the proportion of children presenting with an isolated fever who are subsequently hospitalized is lower than when this test is not available. It is possible that the symptoms recorded during the follow-up telephone interviews may have been under-reported. Finally, the study took place during a single influenza season, therefore the findings may be an over- or under-estimation of influenza burden in other seasons. In addition, since the proportion of influenza types A and B and their lineages may vary, it would be of interest to explore the situation over multiple seasons.

In summary, influenza is responsible for a considerable burden of disease and associated costs in the pediatric population each year. Influenza cases caused by A strains and B strains appear to result in a similar burden in terms of hospitalization and emergency department costs. These could be partially alleviated by appropriate vaccination. The proportion of influenza type A and B during the 2010--2011 season was similar and both lineages of influenza type B (Victoria and Yamagata) were detected among cases of laboratory-confirmed influenza in our study, although the percentage of the Yamagata lineage was low. In the influenza season during this study, there was a good match between influenza strains in the vaccine and circulating strains as the vaccine protected against A strains and the Victoria B lineage. In seasons with a mismatch, however, the vaccine is likely to provide less protection. Given the burden of influenza shown in this study, giving children under 15 years of age vaccines containing lineages of both influenza type A and type B might help reduce the overall burden of illness. Due to the difficulty in predicting which virus strains will be responsible for future influenza seasons, the use of tetravalent vaccines, with their protection against both B lineage strains in addition to A strains, may provide the broadest protection.
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[^1]: *Note*: children with rapid test positive for type A and B are not considered.

[^2]: Number of children with at least one positive laboratory result.

[^3]: Number of children with the given influenza type.

[^4]: Value of the considered parameter.

[^5]: Number of children in a given category.

[^6]: Percentage of children in a given category.

[^7]: *Note*: Children with rapid test positive for type A and B are not considered.

[^8]: ER, emergency room.

[^9]: Number of children with at least one positive laboratory result.

[^10]: Number of children with the given influenza type.

[^11]: Value of the considered parameter.

[^12]: Number of children in a given category.

[^13]: Percentage of children in a given category.

[^14]: *Note*: Children with rapid test positive for type A and B are not considered.

[^15]: ICU, intensive care unit; ER, emergency room.

[^16]: Number of children with at least one positive laboratory result.

[^17]: Number of children with the given influenza type.

[^18]: Value of the considered parameter.

[^19]: Number of children in a given category.

[^20]: Computed as daily charge multiplied by the number of days.
